Introduction
Age-related macular degeneration (AMD) is the leading cause of legal blindness in the elderly of industrialised countries. 1 There are two types of AMD; the dry type and the wet type. The wet type is associated with subretinal choroidal neovascularisation (CNV). High myopia can also lead to visual reductions and development of a CNV (myopic CNV (mCNV)). 2 At present, an intravitreal injection of antivascular endothelial growth factor is generally used to treat CNVs. However, if the retinal pigment epithelium (RPE) underlying the fovea is damaged, the effectiveness of this therapy on the visual acuity (VA) is limited. To overcome this problem, new therapies such as RPE cell transplantation and transplantation of stem cells are being tried. 3, 4 Macular translocation surgery has also been used to treat AMD. In this surgery, the macular area is moved from the underlying damaged RPE to an area of healthier RPE. [5] [6] [7] This technique involves the detachment of the entire retina from the RPE by a subretinal infusion of fluid followed by an axial rotation of the macula. [8] [9] [10] [11] [12] Although this surgery improves the VA after 1 to 2 years, 8, 9, 11, [13] [14] [15] it is rarely performed now because of the difficult surgical procedures and the production of severe strabismus. However, the long-term results of this surgery have provided important information on whether an impaired sensory retina moved onto healthy RPE can recover and maintain good visual function for long periods.
The outcome of macular translocation surgery for AMD is still controversial. Most studies have reported favourable outcomes but for follow-up periods of r2 years after the surgery. 9, 11, 12, [15] [16] [17] [18] [19] [20] On the other hand, there are two reports on the visual outcome of macular translocation surgery with follow-up periods of Z3 years, 21, 22 and the visual outcomes were reported to be poor in both. However, in these two reports, the visual improvement was not attained even in the first year. In the other study, 32 patients were studied retrospectively, but one-third of the patients were not included in the analyses because they were not followed for more than 5 years. 21 Thus, this study may have excluded patients that may have good vision if followed longer. For eyes with a mCNV, the findings Z5 years after macular translocation surgery were presented but the results of only five cases were reported. 22 We have recorded focal electroretinograms from the translocated macular area and found it was significantly better than that before operation at 22 months postoperatively. 18, 20 However, the results after longer follow-up periods have not been reported.
Thus, the purpose of this study was to determine the visual outcomes Z5 years after macular translocation surgery with 3601 retinotomy in eyes with mCNV or AMD.
We analysed all 61 patients 1 year after macular translocation surgery, and separately analysed 40 of these patients who were followed for Z5 years.
Patients and methods
This research was conducted in accordance with the Institutional Guidelines of Nagoya University and conformed to the tenets of the World Medical Association Declaration of Helsinki.
Patients
Macular translocation surgery was performed on one eye of 62 patients with a subfoveal CNV at the Nagoya University Hospital from February 2000 to July 2004. An informed consent was obtained from each patient for the surgery after they were provided information on other treatment options including photocoagulation, removal only, and observation only. Because one patient developed dementia and could not return to our hospital after discharge, the results from 61 eyes from 61 patients were analysed. There were 35 patients with AMD (26 men and 9 women) and 26 patients with mCNV (5 men and 21 women). The mean age at operation was 73.0 ± 6.5 years with a range of 62-87 years in the eyes with AMD and 62.6 ± 9.7 years with a range of 40-77 years in eyes with a mCNV (Tables 1 and 2 ). The mean size of the lesion was 3890 ± 1164 mm with a range of 1060-6947 mm in the eyes with AMD and 2511 ± 832 mm with a range of 1248-4190 mm in the eyes with a mCNV. All patients were Japanese, and they were followed for a mean of 67.5±25.9 months with a range of 15-105 months. Three patients were followed for 15, 18, and 18 months, and all others were followed for at least 24 months.
Overall, 23 AMD patients and 17 mCNV patients were followed for Z5 years. The type of AMD was predominantly classic in 16 eyes, minimally classic in 5 eyes, and occult with no classic signs in 14 eyes.
The patients' medical records were reviewed, and the best-corrected VA (BCVA) and the area of the visual field (VF) before, 12 months after surgery, and at the final examination were analysed. The BCVA was measured with a standard Japanese VA chart in decimal units and converted to the logarithm of the minimal angle of resolution (logMAR) units for statistical analyses. The BCVAs expressed in logMAR units are shown in Table 1 . When the change of the BCVA was ±42 logMAR units, the change was taken to be significant. The VFs were determined by Goldmann perimetry (with V-4), and the area of the VF in degrees 2 was measured with the SCION Image software (NIH, Bethesda, MD, USA). When the VF area changed by ± 430%, it was taken to be a significant decrease.
Surgical techniques
Initially, a pars plana posterior lensectomy was performed followed by pars plana vitrectomy. After the vitrectomy, four separate dome-shaped retinal detachments (RDs) were created by subretinal injections of saline solutions. This was followed by fluid-air exchange of the vitreous to induce a total RD. After a 3601 retinotomy at the ora serrata, the CNV was removed and heavy perfluorocarbon liquid was injected into the vitreous. Then, the entire detached retina was rotated around the optic disc axis. The holes made for the 3601 retinotomy were sealed by endophotocoagulation, and the perfluorocarbon liquid was replaced by silicone oil. The silicone oil was removed after several months, and an intraocular lens was implanted in patients who requested the implantation.
The data are presented as the means ± SEMs. Wilcoxon signed-rank t-tests with the Bonferonni correction were used to compare the BCVA and area of the visual VF before, 12 months after surgery, and at the final examination. P-values o0.017 were taken to be statistically significant.
To identify the factors that might influence the final BCVA, multiple regression analyses were performed with the final BCVA as the dependent variable. The independent variables were the gender, age, type of AMD, the preoperative BCVA and at 1 year, 45 years, CNV size at surgery, postoperative complications, and duration of follow-up. Regression analyses were also performed with the improvement of BCVA as the dependent variable.
All statistical analyses were performed using the SPSS software version 19 (SAS Institute, Cary, NC, USA).
Results

Surgical results and complications
The macula was successfully translocated in all eyes. The postoperative complications included rhegmatogenous Visual function 5 years or more after macular translocation surgery K Takeuchi et al RD in one AMD and three mCNV cases, and a macular hole (MH) in three mCNV eyes with two complicated by a RD. The macula on the new RPE cells was detached in all eyes. Vitrectomy was performed on these patients to reattach the retina. Aseptic endophthalmitis developed in one mCNV eye and was treated with antibiotics and cyclosporine, and secondary glaucoma developed in one mCNV eye that required trabeculectomy. A CNV recurred in five AMD eyes and one mCNV eye at the previously affected foveal area, and these were treated with radiation, CNV removal surgery, photocoagulation, or photodynamic therapy. Proliferative vitreoretinopathy did not occur in any eye. A RD and a MH developed significantly more frequently in mCNV eyes than in AMD eyes (P ¼ 0.014; w 2 -test), but the rate of recurrence of CNV was not significantly different in the two types of eyes (P ¼ 0.175: w 2 -test).
BCVA in eyes with AMD
The BCVAs of the 35 eyes of patients with AMD before surgery, 12 months after surgery, and at the last follow-up examination (15 months to 45 years) are plotted in Figures 1a and b . The BCVA at 12 months of 19 of 35 eyes (54.3%) was significantly improved and that of the other 16 eyes were not changed significantly from the baseline BCVA. At the last examination (15-105 months), the BCVA had improved significantly in 5 eyes (14.3%), worsened significantly in 1 eye (2.8%), and did not change significantly in 29 eyes (82.9%) from the BCVA at 1 year.
Before surgery, the mean BCVA was 1.128±0.075 logMAR units in the 35 AMD eyes and 1.149 ± 0.105 logMAR units in 23 eyes followed for Z5 years. At 12 months, the mean BCVA was 0.724 ± 0.049 logMAR units in the 35 eyes and 0.690 ± 0.064 logMAR units in the Visual function 5 years or more after macular translocation surgery K Takeuchi et al 23 eyes followed for Z5 years. At the last examination, the mean BCVA was 0.657 ± 0.060 logMAR units in the 35 AMD eyes and 0.633 ± 0.083 logMAR units in the 23 eyes followed for Z5 years (Figure 1c) . The improvement in the BCVA at 12 months was significant for the 35 eyes (Po0.001) and also for the 23 eyes followed for Z5 years. The BCVA did not decrease significantly after 1 year (P ¼ 0.010 for the 35 AMD eyes; Figure 1c) .
The last BCVA was significantly associated with the BCVA at 12 months but not significantly associated with the gender, age, type of AMD, preoperative BCVA, CNV size at surgery, postoperative complications, and duration of follow-up. Spearman's rank correlation coefficient showed that the BCVA at the last examination was significantly correlated with the BCVA at 12 months (r ¼ 0.791; Po0.001) but not with that before surgery.
The improvement of the BCVA at the 12 months was significantly associated with the preoperative BCVA, but not significantly associated with the gender, age, CNV size at surgery, postoperative complication, or duration of follow-up. Spearman's rank correlation coefficient also showed that the improvement of BCVA at the 12 months was significantly correlated with the BCVA before surgery (r ¼ À0.598; Po0.001).
BCVA in myopic eyes with choroidal neovascularisation
The BCVAs of the 26 eyes with a mCNV before surgery, 12 months after surgery, and at the last follow-up examination are plotted in Figures 2a and b . At 12 months, the BCVA of 19 of 26 eyes (73.1%) had a significant improvement of the BCVA, 2 eyes (7.7%) had a worsening, and 5 eyes (19.2%) remained unchanged. At the last examination (15 months to 45 years), the BCVA had improved significantly in 4 eyes (15.4%), worsened in 2 eyes (7.7%), and remained stable in 20 eyes (76.9%) compared with that at 1 year.
The mean preoperative BCVA was 1.074 ± 0.085 logMAR units in the 26 mCNV eyes and 1.083 ± 0.119 logMAR units in the 17 eyes followed for Z5 years. At 12 months, the mean BCVA was 0.733 ± 0.099 logMAR units in the 26 eyes and 0.689±0.121 logMAR units in the 17 eyes followed for Z5 years. At the last examination (15 months to 5 years), the BCVA was 0.689±0.105 logMAR units in the 26 mCNV eyes and 0.678 ± 0.142 logMAR units in the 17 eyes followed for Z5 years (Figure 2c) .
The improvement of the BCVA at 12 months was significant for the 26 eyes (Po0.001) and also for the 17 eyes followed Z5 years (P ¼ 0.001), and this was maintained thereafter (P ¼ 0.206 and P ¼ 0.721, respectively; Figure 2c ).
The last BCVA was significantly associated with the BCVA at 12 months (Po0.001). However, it was not significantly associated with the gender, age, CNV size at surgery, postoperative complications, BCVA before surgery, or duration of follow-up. Spearman's rank correlation coefficient showed that last BCVA was significantly correlated with the BCVA before surgery (P ¼ 0.003, r ¼ 0.561), and the improvement of BCVA at 1 year was significantly correlated with the BCVA before surgery (P ¼ 0.033, r ¼ À0.420).
Changes in area of VF
We measured the VFs of the 35 AMD eyes and the 26 eyes with a mCNV. The mean VF area of eyes with AMD and with mCNV before surgery, 12 months after surgery, and at the final examination are shown in Figure 3 . Before surgery, the mean VF area was 11110±218 mm 2 in the AMD patients and 9833 ± 412 mm 2 in the mCNV patients. At 12 months after surgery, it was 8948 ± 332 mm 2 in the AMD patients and 7076 ± 423 mm 2 in the mCNV patients. At the last examination, the mean VF area was 8358±417 mm 2 in the AMD patients and 6930±532 mm 2 in the mCNV patients. The area of the VF was significantly smaller at 12 months in both the AMD (Po0.001) and mCNV (Po0.001) eyes. The area of the VF did not change significantly in both types of patients thereafter (P ¼ 0.726 and P ¼ 0.280, respectively). Eight mCNV eyes (20.8%) and 13 AMD eyes (37.1%) showed a significant decrease in the VF area, and the other 40 eyes did not change significantly.
Discussion
Our findings showed that the BCVAs of eyes with AMD or mCNV were significantly improved by macular translocation surgery after 12 months. The improved BCVA was maintained even after Z5 years. From 12 months after surgery to the final examination, only two mCNV eyes and one AMD eye had a decrease of 42 logMAR lines in the BCVA. The other eyes improved significantly (four myopic and five AMD) or did not change significantly during this period.
For mCNV, Fujii et al 23 reported that 4 of 11 eyes showed a significant improvement of Z2 Snellen lines and 4 eyes remained unchanged 9.8 months after macular translocation surgery. Fujikado et al 24 reported that 8 of 11 eyes had an improvement of greater than 0.2 logMAR units, and only 1 eye had a decrease of 0.2 logMAR units 6.2 months after translocation surgery. Our results at 12 months are consistent with these findings. Yamada et al 22 reported that the mean BCVA before operation was maintained until the final follow-up in five of five myopic cases after a mean follow-up time of 6.5 years.
For AMD patients, Mruthyunjaya et al 15 reported that better preoperative BCVA was significantly associated with better postoperative BCVA at 12 months. Our results are also consistent with theirs, that is, there was a significant association between the preoperative BCVA and improvement of the BCVA in eyes with AMD.
There are more than 10 studies on the visual outcome of macular translocation surgery for eyes with AMD with follow-up periods of o2 years, and most of these showed a significant improvement or unchanged BCVA. 9, 11, 12, [15] [16] [17] [18] [19] [20] Our findings are consistent with these reports, and our Eye results for the 35 AMD eyes showed that the mean BCVA improved from 1.128 ± 0.075 to 0.724 ± 0.049 logMAR units at 12 months and did not worsen at the final examination even after follow-up periods of Z5 years.
For AMD patients, there are two reports with a follow-up of 45 years. In one study, Yamada et al 22 reported that the BCVA was not significantly changed at 1 year and significantly worsened after 45 years. These differences from our findings could be because the preoperative BCVA was worse in their patients than ours. In addition, five of their patients developed postoperative proliferative vitreoretinopathy. However, they stated that the retinopathy was treated successfully, and there was no difference in the BCVA between the eyes with complications from those without complications. Our multiple regression analyses showed that the final BCVA was not significantly associated with the kind of complications.
The fact that Yamada et al 22 analysed only two-thirds of the patients (n ¼ 32 analysed) operated on can be another reason for the differences. Because the other third were not followed for 45 years, they were not included in the analyses. It is possible that patients with good BCVA stopped coming to the hospital and were not followed for a long period. To exclude this possibility, we analysed the results of all the patients who had undergone macular translocation surgery and separately for the 40 patients who were followed for Z5 years. However, the results of these two analyses were similar; both showed an improvement of the BCVA at 12 months and no significant changes thereafter. Thus, a decrease in the BCVA was not found in our cases at 12 months. Although the reason for the differences in visual outcome at the earlier times are not known, our results suggest that if the outcome is good at 12 months, the final BCVA will be good at 5 years.
The mean follow-up period after macular translocation surgery was 38.2 months in the study by Aisenbrey et al, 21 and 52 of their patients (57.8%) were followed for Z3 years and 25 patients (27.8%) were followed for Z5 years. At 36 months, 75% of their patients had stable or significantly improved BCVA. These findings are not different from our results at 12 months in our patients. They also stated that the patients who were followed for a short period did not show better outcome, and those who were followed for a long period did not show worse outcome. These findings are consistent with our multiple regression results that the follow-up period was not significantly associated with the final BCVA.
Because macular translocation surgery damages the retina, for example, artificial RD and rotation of the retina, it was expected that the area of the VF would be reduced. However, the VF was not significantly decreased after 12 months, suggesting that the surgical procedures may not be harmful to the retina.
In conclusion, the changes in the visual function of eyes with mCNV and AMD after macular translocation surgery with 360 retinotomy were analysed. Although there are some limitations in this study, related to its retrospective nature, we have found that this surgery can improve the BCVA in the first 12 months, and the BCVA is maintained for Z5 years. The survival of retinal function on the new RPE for long period is important for future treatments of CNVs, such as RPE cell transplantation.
